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(54) NEGATIVE ELECTRODE ACTIVE MATERIAL FOR LITHIUM SECONDARY BATTERY AND 
LITHIUM SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To keep the high initial efficiency and high cycle characteristics of 
a battery and to realize a capacity exceeding the theoretical discharge capacity of graphite by 
forming a negative electrode active material with the mixed powder of the carbon material 
powder containing boron or no boron and the silicon material powder containing a specific ratio 
of boron. 

SOLUTION: The silicon material powder containing 0.1-50 wt.% of boron and having a 
considerably small quantity of SiB4 in an overcooled state is mixed with the graphite carbon 
powder having high initial efficiency, high cycle characteristics, and low expansion/contraction 
coefficients at charges/discharges to realize a high capacity. The carbon material powder with a 
high graphitization factor buffers the high expansion/contraction coefficients of the silicon 
material powder containing boron at charges/discharges. The mixed powder having the 
diffraction peak strength in a wide angle X-ray diffraction pattern I (SiB4; 021 plane)/I (Si; 111 
plane)<1 and I (C; 101 plane)/I(C; 100 plane)>1 is preferably used. Such a constitution is 
desirable that the contents of carbon, silicon, and boron in the mixed powder of the carbon 
material powder containing no boron and the silicon material powder containing boron satisfy 
the prescribed relational expression. 
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«£«Kifctf>£.r fc t$:S<OT\ JJBUfcJ: d<ty ft£z(wt%) k U x+y+z**^«Wtci00Z-c*6 k Lfck 

0.01+0. lXz/(y+z) ^ (y+z)/(x+y+z)S 0.15+z/(y+z) (1) 

zwifc-fi z t izx^xm^fmrnm. mum mtztmsiz&^x , $ uz, m uzmmmm* 

■n.ik^tgk^S. 0.05+0.1Xz/(y+z) g(y+z)/ S ( 1 ) fcfctf&^iStSrffl^Tfttk , 

(x+y+z)g 0.\K/.(y+z)Zffi8.tlZttfmzfttl 0.1 S z/(y+z)£ 0.5 

W (y+z)/(x+y+z)# 0.01+0. lXz/(y+z) J;0/h$lv* £ffig.t&ZttfWt 

im^Mi+^-mMMmi z t #aj* i o o 4 6 ] %2 imm»*##***£*LT 

&<$:£l£# J *>S. 4fc, (y+z)/(x+y+z)#, 0.15+z/ v^+l^tte, S^*«t>^)*3Mrtr*«rx(irt», 3£ 

(y+ Z ) j: y)±z^tmmmm*<7)iim®m±±%^ ^myW) , *^*sr-ir*tsess*mi»*+t:# 

#\ i SftffiOKSiJRia**** < $r 0 - f&l£ £-r2>*^£?>£WS£zl (wt%) . 

j, i, . t>'z=zl+z2k LT , x+y+z#SS«WfclOOrc& ikLUk 

[0045] *miiz%hM-£wmi t ±i££fl&i ( i ) * c 

0.01+0. lxzl/(y+zl) g (y+zl)/(x+y+z) g 0. 15+zl/(y+zl) (2) 

- k i -a TKS£»*USS?ffii , iir&» 

■tl>.r k#T'Tf&k ; $r&, 0.05+0. ixzl/(y+zl)g (y+z 
l)/(x+y+z) g 0.l+z/(y+zl)SrJHJ£1-|.^k* f 5!tC»4 
U\ (y+zl)/(x+y+z)# 0.01+0. lxzl/(y+zl) 
$ v MSfeMt . KS£®*liH-#&ttmft£&l> - k 
#ft*&<&l>«ft#*l>. 4fc. (y+zl)/(x+y+z) 
*\ 0. 15+zl/(y+zl) J: ^k &(jttft&!&$£>%l 

[0047] *RmzmM&®m i ±&&ft3i ( 2 > 

«WH»* t tt 4 L 1^* ^ ft^^ft fc X V 

t^mt^mmmmmza tt s m 1 v ^- ^*ir» 

0.1 S zl/(y+zl)g 0.5 



0.005 ^ z2/(x+z2)g 0.1 

S:il^tCk* { a4Lv\ 

[ 0 04 8 ] *^<ofifftSHMI^)ilH!*5£t:-3 
[0049] *f6BB<0 U f-^AZJWKfifflftSiSIMIt 

«SiX»4. ttcb-h. d 60 * { l-l OO^m^M 
*te»LT, ^JHMtTO . 1~5 0fi4%^*^ 
•f^M5)*^?I^L;t t£7)^T^3>#HmT 13 5 0 
4 C~1 4 0 0°C4T'#fflf^, 1~1 0$ffl%m, 
ft 1 5 •C/ftgjgWiUr? 6 0 0 °C 4 tSW U^ft . 5 
■ , C/^Sc03SSTgffi#3fi4T^S]-ri»o MKi 0 
ftiJ>*ut»*tt, sfcStJGtTHra, ^MRfciOtStK* 

[0050] cct'isi ixm^tzimwmi. s i 
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m. **, mm. m. vy. ^nyy, 

Ge, Sn, Pb, Sb. B i &k k i 1 MW. 

[o o 5 1 ] t a *#ffc£tt 

S+fcJh^SIWWtfflS U#S fc*>?JMU* J: < . * 
[00 52] m£-Hmzr>\^X t>WHH±#-BH&-fc 

III W £M & ffl « ^ ft & £ JB v ^ ,1 k *«TKC J> 
$/k A y^7-$/k yxybS'K p-7-S;k 

xtyr^fr. *7f^/S^*\ 

[0053] . *3MHe> U *">i»~<K»f6RiJ 

fq) £18«tfHR L , 325meshT V ^-"ClO ju miUTW©? 
£ r ^ 3' V nm%Tm <^SMktt#BmT#J2900 

X (Mtfq) 1 . 325mesh7 y^-T'lOjunWT 

SfW«C)pf I T 325meshT V ^- - 

°c&xm&&. mmmmi. ^^mm^ixm 

[0054] *|f6BHtcfc^Tfflv->f>ixl,^W^*k 
ASBIS. Jf7yaIiSft"J)^i ifcli 

z ti h izBwm x-^WtZ^ztt^zm^z 



[00 5 5 3 $ 4>fc£ftfc<0j^*m»*k 

-iz&zio^x^tLtfXK. mm. ztib-mm?> 
[00563 u^u^t . mmm^mv 

v^3. k ktt^W»*«200juiiS«iaTi:»v^ k J; 0 , IS 

mtiw zmm^-mt. mm. 

[0057] *HB*0 U ^ AZ^MffltffivS^WW 
MS L T * »>**«a3lf»H«* Sr# . - it* ^1380°C 

hh. m%mxn. imf^tt^m^m^itxis. 

SLXtf-^i^Zft^XmOtifffl+MZXti-JlllT 
uA y?L. ®hKtzh<r)Z®\mx:xm^8Mm 

ix . mm:fm j Ami'ii^xifW^)i- t 7^-('m, 
mm n w& \,z mm * m z s is* «s 

[0058] *f6Bflc7) ij AZ.iWKftfflfiSJSIMf 
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< %^$mx\ mum M%®ftmft^xvmz 

$ # /l^7 o 4 V 7 £ jiff § fc i <7)t'J) o T t & < , * 

£ ; ft ^ zac7)m*A^^W W*S L £ -yfzijCO 

X'h&\>\ 

[00 59] ^BJ^f-^AZ&t^ffltfil^lC 

jnra mzm x zti& mcoitm z$iiix^xt>&^ 

[0060] **BB<0 'J AZiWKfiffltffiSSft** 

ffl^T Soffit LTti, *JWW>U"f">A 

7 ••/ 7 ^)3WBW , * U 7 -y ft fx 'J r V (PVdF) l£<D7 

^*»tiftissi£> w yy-iz tx , n */n:n y 

H'y(NMP) , s;**/kfcrt^75Kfc*Wi*, 7A-3 

[oo6i] <r*j, y wi>-wmm%.wfe 

LT ^l»^ffflf^^#«ttfc LT<t«£+ 

[0062] **BBwm«?Sft*«±. 3E«S*lli:IM« 

AZ^mMlCfflSfflV^i t CDX'% ht>COXfotlti. ® 

\,zzfiWMth t><7)XliKc^\ 
[0063] IEffivSft«fc LTti. 0!lifcf. 'J^A-tr 
Wjlf^SlSftftL i M ( 1 ) , 0 2 xtiOS 
x S 1 W$cBl«lT-$) 0 . M ( 1 ) 



ZWiL. Co, Ni, Mn, Cr, Ti, V, Fe, Z 
n. AI, In, S ncryjr%< 1 1>— fflHS^^^S ) ^ 
V^tiL i M ( 1 ) , M ( 2 ) 0 4 (^tf, y{40g 
y g 1 WKIlWftfrt h 0 , 3?+, M ( 1 ) , M (2) 
li&^«£3?U Co, Ni, Mn, Cr, Ti, 
V, Fe, Zn, B, A 1 , In, Sn0)^$:<fci— 

S^fe**) , W&-kB»i))^?y\m (Ti s 2 , 

NbSe 3 .1) , /^^AiSfttt (V, 0 5 , V 6 
0 13 , V 2 0 4 , V 3 O e , m RX/ZVL ift-g*, 
-^M x Mo 6 Ch 8 . y (*=t>, x(i0^x^4, y 

tio ^ y ^ i <r>$m<7>®MX'b o , jW>s Mkm®&m 

*l,tl)sbtt&&M. Chteti^yyOMZ&t) X' 

[oo64] ftimwm. w»t» 

^-h. 1, l-^h^fyXj'y, 1, 2-^h d r 

yi^y, l, 2-^'xhdfi/x^y, r-7>o?? 

by, fF7tKQ77y, 2-^f-;lorh9t H07 

5y, l, 3-^^y7y, 4-^^-1, 3-^ 

ttVyy. 7— V~;W, yXf;H-f;W 7,;l/7f^ 
-hn^^y, i^f-Zl/tf/kkTS H, N- 

x-b, - ho^y-fe'y, iSft^yvM;w, *ft<yv 
F, 3-^7 v ^-2-^^y | J Hy, xf-v-y/'jn 

[0065] WM%t LTti, «*J: 04«9IWt««:M 
tltffiffl1-|)ii:* 5 T'#, mtii. L i C l 0 4 , Li 
BF, , Li PF 6 , LiAsFj , Li B (C 
6 H 6 ), LiCl, LiBr, LiCF 3 S0 3 , L 
iCH 3 S0 3 , Li (CF 3 SO a ) 2 N, Li (C 
F 3 S0 2 ) 3 C, Li (CF 3 CH 2 OS0 2 ) 

2 N, Li (CF 3 CF 2 CH 2 OS0 2 ) 2 N, Li 
(HCF 2 CF 2 CH 2 OS0 2 ) 2 N, Li ( (CF 

3 ) 2 CHOS0 2 ) 2 N, L i B [C 6 H 3 (C 

f 3 ) 2 ] 4 m<D~m£MtzMV±coi?t&vi)Zmfz> 

ZttfX'th. 

[0066] UTt*%0flc7) ij *r*j AZJWKafifflllStS 

[oo67] (1) mttft. mm^-s.. t^m^ 
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[0 0 6 8] (2) 5 0%m«S (d 50 ) 

5 0%mm ( d 50 ) t Lx&sbtz. as, **wm& 

0 . 2 g LTWtK 2 0 c c CAfU 3 tKHJ 

K^iMBiSttS'iS: 2~3ttSn£fct>*>*fllvYt-fe>f 
^mjm&» : fsm^m. l m s - 2 4 ic ct 0 mm t 

[00691 (3) ib^fflU 

ll!fl|lfc*(CBETfttfflV^)IWt6ii:fc±0JbiilB 
SItt. #WBl~2g&JflWt, B**W 
tt&&tHR BELSORP-36tCj:98!l€Lfc. 
[0 0 7 0] (4) I(SiB 4 ;021)/KSi;lll) 

stLTSi^diD®, siB 4 c7)(02i)ffi£wr&e 

73ftK*^ t-^SfiJSibl (SiB 4 ;021)/I (Si ; 111) 

£&aj u:. 

[007 1 ] (5) I(C;101)/KC;100) 

Lx^m<D{m)m^hco t s&&> ( 100) ®a» 6 o 

Bstt L fc-efi-Pfira t 7 3* tf- 7 3»KJt I ( C ; 10 

l)/I(C;100)t#aiLfc. 
[0 0 7 2] 

[XtfcffU KIT. *»JW)iat0«ci DAfcWfcSWH" 
USSffl l ~ 7 JS J: ttlRW 1 ~~ 4 

*(fc&S99.9%, 325meshTy^-) ZWfa&Z^Z-X &< 

m uz *> w wrmmsxo. 2, 4 , 6wt7„w4M * pj« 

ffi^WtMWKWA t . * s^wot ^^Jt-Cflf ffl L 

fc. i^WBW'itWWPti-'TAr^XSrlOL/Bina 
ttnitfr' ^ - 4> e- ?3S«J£l (C ; 101) /I (C; 100) £ 

utto. 2.4. b»ixcoimcommik(r)**7m'£ : ti&te&« 

0.1. 2,2.5.4. 3wt%T*>ofc. 
[0073] S*»*(*6*99.9Si:. 325mesh7 y^-)C 
j|f>#»*(lt*99. 9% . 325mesh7 V 2:10,22.38.5 
4,60.68w««ttPUfc«HCA< iS£U iOS^ftSrHS 



<D®ffitQt&Z'9M£P£ X o T lOL/rai ncT) T ;U 3' y%ffi&\ 

38rc*-c#iau. iwias-cio^fiaftSfU, 
mtz. ztibcommnmmfrb t-^sssjti (sib 

4 ;021>/I(Si;lll)*«l£U:. £*lfc<0»*4'<D* , >* 

fc C 5 , Ji^fcaanAMO. 22. 38. 54 , 

60.68wt%T**I.M^<OMI. IWMM)******** 
#«10,21,37,52.59.66wtt'C* 0 . i<7)^St't» 

* -7 5 iJ'-C: O * 4 SSL- "C V vfc . 

[0074] S3H»*<«K99.«. 325meshT y^-)(C 

* >75H8* (»S99 . 9°/ . 325meshT V ?"-) Sr 45wt%» 

ISMSMC L-T 10L/minOr;W3- yma4"1385*Ca-C#ffl L- 
!#<biX3tl»*£^ y<7-S/W:iotSmi> 325mes 
-^g®JtttI(SiB 4 :021)/I(Si;lll)l:S9«L^. 

[0075] <«^«*<oM»>*at-*-c x ^ 

^L%^w<Mmm*thtix^htitz*^m^-? 

h if S^©*^2ac7)fM^-^lH-t-^500g S-^A b . 

m&x'mmmift uzmz . r^srffl v^r l 

•CI^ fc8»J£h^l»* * 100°CT24B#r H m££$ * ff o 

[0076] <«ffi«fm&if«ftfMiiis»>*ifcp 

(wtZ) , zc7)rtT^*W^5K+^ : ff ; ffi-ri»*'7*co-ir^ 

$fcLT, Cl=zl/(y+zl) , C2=(y+zl)/(x+y+z). C3=z2/ 

(x+z2), mnmrnrnx-cD^-^^ittLx , n=usi 

B 4 ;021)/I (Si ;111) , 12=1 (C;101)/I (C-,100) ifltet 

[0077] nmi&mf^z&mit txpvMzm 
uzm^tru^zx 9ifto.immi?^t:@^-h£m& 

U. lcmXlcm«(Ct]09aiL.S®'l:ffi$:#Bx:t/t„ ^na? 
[0078] ±IE:&ffi'S®OiiiffiT-'C0m«ttt£tWIt 
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i 4 z\mo\/\ com-&TmmLtz i>cozm^tz. jtmrnim 

inA/cm* ) TH & o £ . HffiiEfflJ 40 V*» 4> 2 . OV ( U f - ^ 

imo fc l . ymmi iooem o it: . 

[0079] itf)«ffifH*KiWcJ:oT , ftV&tfc L 

*ig3fc o (afbtoojHEg* ioo@ @ 
ft. 

[0080] Wtm~7fcjRLfc£ftfc*)Kfltt. * 
^^^*tt?H»*+tf>* 0 . 1-50 

£»%<OKI8rtfCft6±t. Jtl (SiB 4 ;021)/I (Si ; 111) 

£ Jt* jW) • 0 1 +0. 1 x Cl S C2^ 0 . 15+C1 com* SrWltil 

[0081] iftfcwKftottKWiKovvni, Mix 

t» JW«»4JStfB<oa»SJiT* *372mAh/g*JISi T tJ 



[oo82] -s\ nam i Mfc^LfcififewwH 

(4. *^*£Wg^fl8^4«otf n^3r*a«5 ofi 

# #0 . 0 1+0 . 1 x C 1 g C2 < 0 . 1 5+C1 com* & Mil t MR. L 

[0083] JtKSM 1 > 2 WSCRtt, fi^B****)*? 
^WSaHB^^fi£Jt^#C2<0. 01+0. 1 x C1T 

-jfc. =G:*3. %»*t490Mf&^i^fi£^U 100® 

co%im-*M ? Mk%>Wi±wm&&commL<m\>vt 

[ 0 0 8 4 ] t fc , JMSffl 3 . 4 C0^4ii . 
<O^^^Wg«^*»4c7)vI-&J:b*C2*>0.15+Cl<C2T- 
#>9 . -?-ilfe(7)^l:Sft(illiS^atl^4t'J)l.372niAh 

/g^s^Tfco, ®M®mi>9oxmmcom^m*ix 
t=ioo[gc7)^mii:^«iS^«ctiSfi<o7o%gELA^ 

[0085] 
[§11] 





Cwt*) 


(wt*) 




y(wt%) 


j 1 
z(wta0jEl(wt9#2(wt* 

■ I 


Cl 


C2 


C3 


n 


12 


CmAh/g) 




IMC/ft 


new 


0 


10 


93.4 


5.3 


0.6 i 0.6 i 0 


0.10 


0.06 


0 


0.06 


2.2 


460 


90.3 


93 




0 


10 


89.6 


9.1 


1.0 ; 1.0 | 0 


0.10 


0.10 


0 


0.06 


2.2 


650 


90.1 


90 




1J2 


10 


79.6 


17.2 


3.0 | 2.0 1 1.0 


0.10 


0.19 


0.012 


0.06 


2.6 


750 


91.5 


83 


&««4 


0 


10 


77.8 


19.9 


2.1 i 2.1 ! 0 


0.10 


0.22 


0 


0.06 


2.2 


810 


90.2 


82 




0 


21 


89.2 


8.1 


2.2 j 2.2 1 0 


0.21 


0.10 


0 


0-24 


2.2 


490 


91.7 


93 


3iiffiW6 


0 


37 


89.5 


6.2 


3.7 ! 3.7 | 0 


0.37 


0.10 




0.71 


2.2 


410 


91.0 


94 


3SBSW7 


2.G 


44 


86.9 


5.8 


6.8 i 4.6 ! 2.2 


0.44 


0.10 


0.025 


| 0.99 


3.1 


400 


! 92.6 


93 




0 


59 


94.5 


2.1 


3.0 i 3.0 | 0 


0.59 


0.05 


0 


1.74 


2.2 


320 


90.3 


| 94 




4.3 


66 


90.4 


1.8 


7.6 t 3.5 | 4.1 


0.66 


0.05 


0.O43 


2.19 


3.6 


290 


88.8 


95 




0 


52 


22.5 


37.3 


39.8 ! 39.8 ! 0 


0.52 


0.77 


0 


1.34 


22 


390 


92.1 


69 




I 2.b 


52 


11.4 


42.6 


45.8 ! 45.5 i 0.3 


0.52 


0.88 


0.026 


1.34 


3.1 


400 


91.0 


71 



[0 0 86] tmms 

wmnwssmtizm^fi:. zcommzcottxam 
mttcmm^hh tzMz . zcomn&commzmm ix 
tfwcoftm mmt&tzMzttnmz ixwmmu,m 

Mb LXti-^yfy v?Z2 0fift%. *u y?-t 
iXKVT-YyyWa^l'VWrfcZ: 1 OMRXtWl 
Xm&l, ^O.lmmJfcO'tffi^-hSrflHlSU, lcmft (fi 

A?® 2 1 m g ) lew o m i ( imm^ztmixm 1 

5 m g ) , WMW-Xh hCu 3. \,Zl&£t h Z. t 
[0087] ±fet«*ffiW#ffif <0«tt«Ht«riP mt 

t 



■A/cni)"Cff$r-3fc. «<2S£HJiOV*»fe2.0V( 'J^^A^fe 

mam) t l/c. 

[0088] I cOfPfi^H , i fOaseRSJittHlttS 
^ffl(42 0 0 0mAh/gfc^#(C^:#Ot,<?)^, DlEl^S 
Sft^'3 3 0 OmAh/gti0ffl§fflnX(i 1 3 0 0mAH/gh 

Zh%&1t1ft.mcom r )&Uz£t). 
§4nX(i2HIgt't8 0 0inAh/gi;^:^<. -t<Oft» 
^tcffiTU-C7l3@T'J;a j ^<0niAh/gi; ; 5rof 1 :. C« 

tztbh-? ivco^-m. u x mm^z a a # tz . 4 
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» i 

§•£'2 0 0mAh/g££Ti£^&X/CL£v\ 100E. 
[00 89 3 

ggj&ffll 1 Tffl^3tlK3RttlSH»**-tfi*»T1||ftSfliiS: 
6. fffflOlS*, *D»S&sMi9 0. 2%, -t-f ?/Mttt 

U9 4XkI*>-3fc4 ! , ft«^*(±3 1 OmAh/gfcfft 
[0090] 

[0091] immi 

mffivg ft® t l t , swj 6 c tj ft i. <oa^fl>*c tt 



fc . * WIS* ,200 @gJgT% ifftjft** < ft 
[0092] 



(72)«»t iCT (72)%HM fllf ±BR 

f«*WWiff«20- 1 *fB3WH««5e m^ffi^tfflE^ur 2 - 6 - 3 «rB* 

(72)%B^# & F^-A(##) 5H003 AA01 BB01 BC01 BC06 BDOO 

^iiS?trpfrl;20- 1 mB*S8Mm& BD02 BD04 

5H014 AA01 EE08 HH01 HH02 
5H029 AJ01 AK02 AK03 AL06 AL18 
AM03 AM04 AM05 AM07 DJ16 
DJ17 HJ01 HJ02 HJ05 HJ13 
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